I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Vitamin D deficiency among pregnant mothers has been studied in depth in the past two decades. The worldwide prevalence of Vitamin D deficiency in pregnant women ranged from 25% to as high as 84%.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\] In India, the prevalence figure is much larger (ranging from 76% to 98%).\[[@ref7][@ref8][@ref9]\] The neonatal effects described include low birth weight and abnormal anthropometric measurements\[[@ref10]\], and in later stages, children tend to develop insulin resistance.\[[@ref11]\] Until date, there have been no similar studies from North-Eastern province of India, and our aim is to see the fetal and neonatal outcomes among Vitamin D deficient pregnant mothers.

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

The study is a cross-sectional study carried out in primigravida of age between 18 and 40 years, attending Department of Obstetrics and Gynaecology of Gauhati Medical College, Assam from December 2012 to December 2015 for routine antenatal visits. All pregnant mothers (*n* = 250) had an only single fetus. The patients in the study were grouped into two: Group I (cases) -- Pregnant mothers who had low serum Vitamin D levels (*n* = 150) and Group II (controls) - Pregnant mothers who had normal serum Vitamin D levels (*n* = 100). Low serum Vitamin D level in pregnant mothers comprised subjects with deficient serum Vitamin D (*n* = 134) and insufficient Vitamin D levels (*n* = 16). Vitamin D deficiency was defined as serum 25(OH)D levels of \<20 ng/ml and insufficiency was defined as 25 hydroxy Vitamin D (25\[OH\]D) levels from 21 to 29 ng/ml as per the Endocrine Society\'s Clinical Practice Guidelines.\[[@ref12]\] Patients with a history of thyroid, parathyroid, adrenal diseases, hepatic, renal failure, metabolic bone diseases, malabsorption, the use of medications affecting bone metabolism, diabetes mellitus (overt diabetes and GDM), hypertension, and documented IUGR babies were excluded from the study. [Figure 1](#F1){ref-type="fig"} shows the linear correlation between maternal 25 hyrdoxy vitamin D levels with femur length of fetus at 34 weeks of gestation of the whole study subjects (n=250) and [Figure 2](#F2){ref-type="fig"} shows the linear relationship between between maternal 25 hyrdoxy vitamin D levels with birth length of the newborn of the whole study subjects (n=250). Patient who fulfilled the study criteria underwent a detailed medical history, clinical examination, and dietary history. Dietary assessment included calcium and Vitamin D intake by estimating the average composition of the daily diet from a 24 h recall of the food intake by a published data on the nutritive value of Indian food.\[[@ref13]\] All pregnant mothers received oral calcium supplementation (elemental calcium 500 mg/day) from Obstetrics and Gynaecology department during antenatal visits at third trimester. Total calcium intake calculated in pregnant mothers is a sum of dietary and oral calcium supplementation. Sunlight exposure was assessed using documenting average duration of exposure and percentage of the surface area of the body exposed daily. A detailed history of the daily routine during summer and winter seasons and of the type of clothing worn was taken. The percentage of body surface area exposed was assessed by Wallace\'s rule of nine. Sunshine exposure was calculated as -- Sunshine exposure (%) = Hours of exposure/day × percentage of body surface area exposed.\[[@ref8]\] Holick recommended that sunlight exposure of face, arms, and hands would amount to 22% of body surface area exposure. This area of exposure thrice a week for a duration of 1 h/day between 10 am to 4 pm is probably sufficient for elderly people living in a temperate climate to maintain serum 25(OH)D at 20 ng/mL.\[[@ref14]\] A similar amount of Vitamin D is expected to be formed in the skin of the younger pregnant women who lives in more tropical latitude like northeast India if exposed for the same duration and specific time. So a value of more than 11% of sunshine exposure per day for 1 h daily would be was considered adequate for Vitamin D synthesis from the skin.\[[@ref8]\] Biochemical tests were done in pregnant subjects at 34 weeks gestation. This included blood samples (without venostasis) for 25(OH)D, serum calcium (Ca), serum albumin, serum phosphorus (P), serum alkaline phosphatase (ALP), and serum parathyroid hormone (PTH). Blood samples were collected in the morning after subjects had fasted for at least 8 h. Furthermore, fetal femur length (in mm) was measured at 34 weeks of gestation by ultrasound technique by a competent radiologist of our medical college.
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![Scatter diagram showing the relation of maternal 25 hydroxy Vitamin D levels with femur length of fetus at 34 weeks of gestation of the whole study subjects (*n* = 250, *r* = 0.823, *P* \< 0.01)](IJEM-22-212-g002){#F2}

Pregnancy outcomes were noted in each subject. Anthropometric values were measured in the newborn which included birth weight (in kilogram), birth length (in cm), and head circumference (in cm). The measurements were calculated using a plastic encircling tape. Samples of cord blood were taken in newborns for cord 25(OH)D. All blood samples were separated in a refrigerated centrifuge at 1200 rotation/min for 15 min at 4°C and divided into five aliquots and stored at −20°C until analysis. Serum calcium, phosphorus, albumin, and alkaline phosphatase were measured theusing the semi-autoanalyzer method. The normal range for serum calcium is 8.4--10.2 mg/dl, for albumin 3.8--5.1 g/dl, or serum phosphorus 2.5--5 mg/dl and for alkaline phosphatase 64--306 U/l at 37°C in pregnancy. The normal range of cord 25(OH)D was taken as 20--80 ng/ml and serum PTH 20--70 pg/ml.\[[@ref15]\] Serum and cord 25(OH)D were measured using RIA according to the manufacturer\'s protocol (25(OH)D RIA Kit Manufacturer Beckman Coulter). The sensitivity of this assay is 2.5 ng/ml. The intra-assay coefficient of variation is 9.1% at 22.7 ng/ml. Serum PTH was measured using immunometric assay (IRMA) according to the manufacturer\'s protocol (N-TACT PTH IRMA kit USA, Beckman Coulter) 10 in Automatic Gamma Counter (Gamma 10, version 2). The study was performed according to the guidelines of the Ethics Committee of our institute with informed consent. Statistical analysis was performed using SAS 9.3. Data were presented as a mean ± standard deviation. Chi-square test was carried out to see the association between different variables. Pearson correlation was done to find the pattern of correlation between the independent variables. Statistical significance was set at the 0.05 level.
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The ages of the pregnant women ranged from 18 to 40 years in all population (*n* = 250). The number of subjects with low Vitamin D level (deficiency and insufficiency) was 150, and Vitamin D sufficiency was 100. The mean Vitamin D levels were 17.51 ± 2.24 ng/ml and 47.71 ± 1.4 ng/ml, respectively, among the low Vitamin D and Vitamin D sufficient maternal subjects (*P* \< 0.01). The subjects with low Vitamin D intake (deficiency and insufficiency) have significantly lower sun exposure in percentage, lower mean total calcium intake in mg per day and mean Vitamin D in IU per day and lower levels of serum corrected calcium as compared to Vitamin D sufficient subjects. On the other hand, the mean serum PTH in pg/ml and mean total alkaline phosphatase levels in IU/L were significantly higher in subjects with low Vitamin D compared to the Vitamin D sufficient group.

On correlation analysis, significant positive correlation between maternal serum 25(OH)D levels with sun exposure (*r* = 0.66), dietary intake of Vitamin D (*r* = 0.65), and corrected calcium level (*r* = 0.63) were found among the pregnant mothers with low Vitamin D levels \[[Table 3](#T3){ref-type="table"}\]. Significant negative correlations were found between 25(OH)D levels, serum total alkaline phosphatase levels (*r* = −0.512), and serum PTH levels (−0.582). Linear regression model analysis was performed and showed significant association between maternal serum 25(OH)D with sun exposure and intake of Vitamin D
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Pearson correlation analysis showing the correlation between maternal 25 hydroxy Vitamin D levels among the pregnant subjects with low Vitamin D (n=150) and different parameters of their newborns
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Baseline characteristics of subjects (*n*=250)
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Pearson correlation co-efficients showing the correlation of 25 hydroxy Vitamin D levels with different variables in pregnant women with low Vitamin D levels (*n*=150)
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A significantly lower mean fetal femur length and birth length was seen infants of women born with low Vitamin D levels. No significant differences were found among the newborns with regard to birth weight and head circumference. The mean cord Vitamin D levels were 12.51 ± 2.2 ng/ml and 36.71 ± 1.2 ng/ml, respectively, among the low Vitamin D and Vitamin D sufficient neonates (*P* \< 0.001)

Finally, we did a Pearson correlation analysis to find a relationship between maternal Vitamin D levels among the pregnant subjects with low Vitamin D and their fetal outcomes (birth weight, femur length, and cord blood Vitamin D levels) \[[Table 1](#T1){ref-type="table"}\]. In this, we found a significant positive correlation between femur length, birth length, and maternal serum Vitamin D levels (*r* = 0.60, *P* \< 0.01 and *r* = 0.611, *P* \< 0.01). We also found that the cord blood Vitamin D in these newborn levels also had a significant positive correlation with their maternal Vitamin D levels (*r* = 0.96, *P* \< 0.01).

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Among the 250 pregnant mothers studied 53.6% were Vitamin D deficient, 6.4% were Vitamin D insufficient and 40% were in Vitamin D sufficient range. Nearly half the maternal population (53.6%) in north-east are Vitamin D deficient. Compared to studies done in other parts of India the prevalence is quite low in North-East India. In Lucknow, the same has been reported as 74% by Sahu *et al*.\[[@ref7]\] as 84% by Sachan *et al*.\[[@ref8]\] whereas Marwah *et al*.\[[@ref9]\] stated 96.3% deficiency in pregnant women of Delhi. This low prevalence of Vitamin D deficiency in our subjects in the northeast may be attributed to several factors. The first reason is the geographical location of the north-east India which ensures adequate sunshine throughout the year. The average duration of cloud-free sunshine in this region is around 8-10 h/day throughout the year. This translates that ample sunshine reaches the population winter is short with the lowest temperature of 12°C and highest of 22°C.\[[@ref16]\] Hence, there is a little seasonal variation of the peak intensity of sunlight in northeast India. Second, the diet of the people in this region is naturally rich in Vitamin D. Rice is the staple food, and it contains very low phytate. Moreover, milk, vegetables, and fishes are consumed in abundance which contain adequate amount of the Vitamin D. Hence, an individual in the northeast who takes an adequate Vitamin D and have sunlight exposure is unlikely to be Vitamin D deficient. This is also evident from this study when we compared Vitamin D sufficient pregnant women with the low Vitamin D group \[[Table 2](#T2){ref-type="table"}\]. [Table 2](#T2){ref-type="table"} shows that subjects with low Vitamin D levels (deficiency and insufficiency) have significantly less sun exposure and Vitamin D as compared to Vitamin D sufficient subjects suggesting that the adequacy of serum Vitamin D levels are solely depend on sunlight and dietary intake. On correlation model analysis, a similar finding was also seen. There was a significant positive correlation between maternal serum 25(OH)D levels with sun exposure (*r* = 0.665) and dietary intake of Vitamin D (*r* = 0.657) \[[Table 3](#T3){ref-type="table"}\]. These findings are similar to earlier studies done in India.\[[@ref7][@ref8][@ref9]\] It was noticed that despite giving calcium supplements (500 mg/day) to all pregnant mothers, the total calcium intake among the low Vitamin D pregnant group was far below (661.8 ± 35.15 mg/dl) the calcium requirement for an average pregnant lady (RDA 1200 mg/day). Low Vitamin D subjects also had an elevated total alkaline phosphate and PTH levels. On correlation model, a significant negative correlations between 25(OH)D levels and serum total alkaline phosphatase levels (*r* = −0.512) and PTH levels (*r* = −0.582). These findings were consistent with earlier studies like from India Marya *et al*. (found raised alkaline phosphatase in 13% of pregnant women who were not receiving Vitamin D supplement).\[[@ref10]\] Similar findings were also seen in studies from other countries such as Rab *et al*. from Pakistan\[[@ref17]\] and Brooke *et al*. from the UK.\[[@ref18]\] This elevation is attributed to raised bone alkaline phosphate seen in Vitamin D deficiency state. Elevation in PTH secretion is compensatory (secondary hyperparathyroidism) due to hypocalcemic stimuli.\[[@ref19]\] The mean serum calcium levels in the low Vitamin D subjects were below the lower range of normal calcium (8.30 ± 1.18 mg/dl) qualifying to the definition of hypocalcemia and hence raising PTH levels. Although the mean serum calcium levels in the low Vitamin D group was below the lower range of normal calcium (8.30 ± 1.18), none of the subjects had symptoms or signs of hypocalcemia. There three major sources of maternal calcium to maintain fetal bone growth. They are increased absorption of intestinal calcium, reduced renal calcium excretion, and calcium resorption from the maternal skeleton. Increased intestinal calcium absorption is an important compensatory mechanism for attaining additional calcium during pregnancy.\[[@ref19]\] It occurs along with an increase in Vitamin D concentrations (4%--62%) in the third trimester. The intestinal absorption of calcium increases by 60%--70% during pregnancy, from approximately 33%--36% in the nonpregnant state to 50%--56% in the second trimester and to 54%--62% in the third trimester. Renal calcium excretion increases by 46% during the period of pregnancy among women.\[[@ref19]\] This increase is due to the increased glomerular filtration rate occurring during pregnancy. In our study, low corrected serum calcium levels in low Vitamin D subjects may be attributed to low serum Vitamin D levels. Low Vitamin D leads to defective absorption of calcium from gut.\[[@ref19]\] Linear regression model analysis done to find the association between the different variables in pregnant mothers with low Vitamin D levels and showed the same results (*P* \< 0.01).

The newborns of low Vitamin D mothers in our study had significantly lower mean birth length and femur length measured at 34 weeks gestation as compared to Vitamin D sufficient mothers \[[Table 4](#T4){ref-type="table"}\]. Pearson correlation analysis between the pregnant subjects with low Vitamin D and their newborns showed a significant positive correlation between birth length, femur length, and maternal serum Vitamin D levels \[[Table 1](#T1){ref-type="table"}\]. The femur length measurement in USG during gestation signifies the fetal gestational age. Fetal length can be demarcated as early as 13 weeks and its growth proceeds till term. Altman and Chitty *et al*. have taken femur length in millimeters to estimate gestational age of fetus in weeks expressed in percentile (from 5^th^ centile to 95^th^ centile of gestational age) starting from 13 weeks of gestation till 38 weeks defined by ultrasound scan.\[[@ref20]\] At 34 weeks of gestation, femur head completes its ossification and helps to identify the bone age. The coinciding of the chronological gestational age with the bone age signifies normal fetal growth.\[[@ref21]\] We choose 34 weeks as the age of estimation of femur length considering the same. Furthermore, we could find a significant correlation was found between cord 25(OH)D and birth length (*r* = 0.62, *P* \< 0.001). Now the explanation for a low femur length has already been elaborated by Morley *et al*.\[[@ref22]\] He proposed that reduced osteoblastic activity as a consequence of fetal low 25(OH)D and activation of PTH/PTHrP activity in the fetus lead to contraction of the cortical bone envelope and cause reduced long bone growth like the femur. The low Vitamin D levels among newborns might be the cause for the short femur length as explained by Morley *et al*. Now seeing into the Vitamin D status in newborn of low Vitamin D mothers \[[Table 1](#T1){ref-type="table"}\] it is well understood that the Vitamin D status in newborn is dependent on maternal 25(OH)D levels which are the entire source of Vitamin D pool of the fetus.\[[@ref23]\] The levels of 25(OH)D in cord blood ranges from 68% to 100% of maternal concentrations at the time of delivery.\[[@ref24]\] Wegienka *et al*. have revealed a strong correlation between prenatal and cord Vitamin D levels, with the degree of association being influenced by race, parity, and the maternal level.\[[@ref24]\] Similarly, Godang *et al*. found a strong positive association between maternal levels of 25(OH)D and cord 25(OH)D (β = 0.42, *P* \< 0.001) in 202 Scandinavian women.\[[@ref25]\] We also got a significant positive co-relation between maternal and cord Vitamin D levels in low Vitamin D pregnant subjects and their newborns (*r* = 0.96, *P* \< 0.01). Our findings of low cord blood 25(OH)D, therefore, reflects the maternal Vitamin D deficiency. Hence to summarize low calcium flow from mother to fetus along with low Vitamin D in mother explains the entire vicious. Maternal calcium and Vitamin D are essential for fetal skeletal development. However, no significant differences were found among the newborns with birth weight and head circumference and Vitamin D levels in mother.
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Comparison of different parameters of the newborns of mothers with low Vitamin D with newborns of Vitamin D sufficient mothers
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C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Maternal hypovitaminosis D is associated with significantly short femur length at 34 weeks of gestation with significant lower birth length. However, no significant association was noted between birth weight and head circumference and maternal Vitamin D levels among the newborn. As seen in previous studies, the integrity of Vitamin D and calcium axis in mother and fetus is completely dependent on the dietary intake of Vitamin D, calcium and exposure to sunlight in mothers.
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